
Soil & Tillage Research, 4 (1984) 147--154 147 
Elsevier Science Publishers B.V., Amsterdam --  Printed in The Netherlands 

E F F E C T S  O F  W H E E L  T R A F F I C  A L O N G  O N E  S I D E  O F  C O R N  A N D  
S O Y B E A N  R O W S  * 

N.R. FAUSEY and A.S. DYLLA 

Soil Drainage Research Unit, USDA, ARS,  2073 Neil Avenue, Columbus, OH 43210 
(U.S.A.) 

(Accepted 27 June 1983) 

ABSTRACT 

Fausey, N.R. and Dylla, A.S., 198"4. Effects of wheel traffic along one side of corn and 
soybean rows. Soil Tillage Res., 4: 147--154. 

There is a continuing need for information illustrating the seriousness of the soil com- 
paction problem over a range of  soils, climatic, and agronomic conditions and encourag- 
ing the adopt ion of controlled traffic. Compaction from wheel traffic adjacent to crop 
rows had significant effects on the soil physical conditions in Kokomo silty clay loam 
(Typic Argiaquoll) and on the corn (Zea mays L.) and soybean (Glycine max L.) yields. 
Traffic pat terns were established to compare rows that  had traffic on one side of the row 
with those that  had traffic on neither side. These traffic patterns were followed for 
planting and spraying operations for a total  of five passes. Corn had either no nitrogen 
fertilizer or adequate fertilizer and soybeans had no fertility variable. Bulk density and 
cone penetrat ion resistance were significantly higher in the wheel tracks than in the 
untracked areas at the 0--15- and 15--30-cm depths. With adequate fertilizer, yields of 
corn and soybeans from rows along wheel tracks were equal to those from untracked 
areas. With no nitrogen fertilizer, corn yields were significantly lower from rows along 
wheel tracks. 

INTRODUCTION 

M o d e r n  f a r m i n g  p r a c t i c e s  a r e  i n c r e a s i n g  w h e e l  t r a f f i c  a n d  l o a d i n g  o n  
a g r i c u l t u r a l  soi ls .  E r i k s s o n  e t  al.  ( 1 9 7 4 )  e s t i m a t e d  t h a t  o v e r  an  e n t i r e  c r o p  
y e a r  t h e  a c c u m u l a t e d  t r a f f i c  o v e r  t h e  so i l  a v e r a g e d  4 t o  5 t i m e s  t h e  soil  
s u r f a c e  area .  D u r i n g  t h e  p a s t  t w o  d e c a d e s ,  t h e  s ize a n d  w e i g h t  o f  f a r m  t r ac -  
t o r s  and  m a c h i n e s  has  i n c r e a s e d  w i t h  t h e  g r o w t h  in f a r m  size;  m a c h i n e r y  
c o m p a n i e s  have  a l so  p r o v i d e d  l a rge r  t i r e s  w h i c h  have  i n c r e a s e d  soi l  c o n t a c t  
a r e a  a n d  t h e r e f o r e  m a i n t a i n e d  o r  r e d u c e d  s o i l - s u r f a c e  p r e s s u r e s .  S o e h n e  
( 1 9 5 8 )  a n d  D a n f o r s  ( 1 9 7 4 )  s h o w e d  t h a t  s u b s o i l  p r e s s u r e s  a re  n o t  r e d u c e d ,  
h o w e v e r ,  a n d  t h a t  t h e  i n c r e a s e d  w e i g h t  has  i n c r e a s e d  t h e  d e p t h  t o  w h i c h  t h e  
p r e s s u r e s  a r e  t r a n s m i t t e d  even  t h o u g h  c o n t a c t  p r e s s u r e  has  n o t  i n c r e a s e d .  
A l t h o u g h  t h e  r e d u c e d  s u r f a c e  p r e s s u r e s  a n d  i n c r e a s e d  t r a c t i o n  r e s u l t i n g  f r o m  
l a rge r  t i r e s  m a y  a p p e a r  less d a m a g i n g  t o  so i l  a t  t h e  su r f ace ,  t h e r e  wil l  be 
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greater likelihood for trafficking when the subsoil is wetter  and more sus- 
ceptible to compaction.  

In humid climates excessive soil moisture limits the number  of  days 
available for tilling and planting (Reeve and Fausey, 1974). Central Ohio 
has an average annual rainfall of 95 cm, and there is, therefore, a high 
probabili ty for soils to contain excess moisture during spring tillage and 
planting. This excess water problem places a high priority on improved drain- 
age systems to increase the number of probable field working days required 
to avoid crop yield loss from delayed or late planting, but  even with im- 
proved drainage systems, there remains a high probabil i ty that  field areas 
will be trafficked when the soil is wet  or in the plastic state within and below 
the tillage layer. Working or molding the soil when in the wet  or plastic 
state reduces the volume of large pores and decreases rates of water and air 
movement .  Grable (1967) also reported that root  elongation rates decreased 
with decreasing soil porosity.  

Trouse (1971) summarized the results of many studies of soil conditions 
and plant response and concluded that the effect of soil compact ion on crop 
yield is indirect, depending on how the compact ion effects the ability of the 
soil to supply the current needs of  the plant. This effect will of course 
vary among soils and crops and from year to year  with climatic changes. 
Cooper et al. (1969) showed clearly that controlled traffic gave higher 
co t ton  (Gossypium hirsutum L.)yie lds  than without  controlled traffic in a 
sandy loam in Alabama. A field compaction study in Ohio (Van Doren, 
1959) clearly demonstrated corn (Zea mays L.)yie ld  reductions on soil 
trafficked at a high moisture level. The entire plot  area, row and inter-row, 
was compacted with a wheel tractor applying approximately 270 kPa track 
pressure. Voorhees (1979) reported that, except for root  crops, crop yields 
in Minnesota (60-cm annual rainfall) were probably not being suppressed by 
normal soil compaction,  and that moderate  compact ion in dry years has 
even resulted, in some cases, in increased soybean (Glycine max L.) yields. 

Our field study on Kokomo silty clay loam in Ohio determined whether 
confining all post-planting wheel traffic to one side of crop rows caused a 
reduction in corn and soybean yields as compared to traffic on neither side. 
We did not  consider the case of traffic on both  sides of the row. Secondly, 
since crops are often subject to  other stresses such as diseases, insect damage, 
drought, etc., what effect would a coupled second stress (lack of  nitrogen) 
have on the response of corn to the wheel traffic t reatment? 

MATERIALS AND METHODS 

Following harvesting of corn for grain in 1979, two areas (20 × 75 m) of  
Kokomo silty clay loam (fine, mixed, mesic Typic Argiaquoll) were fall 
plowed 25 -- 30-cm deep. Prior to plowing, 112 k4g ha-~ each of elemental 
phosphate and potash were applied. On 21 April 1980, when soil conditions 
were wet but  appeared trafficable, one area was tilled 12 -- 15-cm deep with 
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a tractor rear-mounted field cultivator. Hybrid corn was then planted in 
20-m long rows with a six-row rear-mounted planter. The corn was planted 
in 76-cm spaced rows for a population of 65 000 plants ha-'. No fertilizer 
was applied at planting. Pre-emergence herbicide was applied the same day 
with a tractor-mounted sprayer retracking the wheel tracks made during 
planting. 

On 22 May 1980, when the soil was again wet but appeared trafficable, 
the second area was likewise field cultivated and planted with soybeans in 
76-cm spaced rows for a population of 344 000 plants ha -~ . Pre-emergence 
herbicide for weed control in the soybeans was also applied the same day, 
and following that operation all tractor tracks in both areas were retracked 
three times for a total of five passes. 

The rear tire width of the tractor was 43 cm, leaving an average 16.5 cm 
distance between the edge of the tire track and the planted row. In planting, 
spraying and retracking tracles the 1.52-m spaced tractor wheels straddled 
rows 3 and 4 of the 6-row planter, leaving rows 1 and 6 without any tractor 
wheel tracks alongside. Crop yield samples for the wheel-tracked treatments 
were harvested from rows 3 and 4 of the six-row planter pass, ana rows 6 
and 1 of adjacent planting passes were the yield sampling rows for the non- 
tracked treatment. The rear-axle load of the tractor plus mounted equip- 
ment was 3.5 Mg, or 1.75 Mg per rear tire. Rear tires were inflated to ii0 
kPa. Planting, spraying and re-tracking speed was I.I m s- i. 

Half of the length of fifteen pairs of corn rows straddled by the tractors 
wheel-tracks, along with an equal length of an adjacent pair of nontracked 
corn rows, were fertilized on 4 June with 15--15--15 N--P--K fertilizer at 
the rate 1120 kg ha -I. This granular-form fertilizer was hand applied and 
mixed into the top 4 cm of soil between rows 3 and 4 and rows 6 and 1 with 
a garden hoe. This shallow surface tillage with the garden hoe was performed 
on both fertilized and non-fertilized areas for uniformity. This fertilizer 
app l i ca t ion  was to  assure t ha t  fer t i l i ty  would  no t  be the  l imit ing f ac to r  for  
half  of  the co rn  t r e a t m e n t s .  No  addi t iona l  fert i l izer  or  tillage was appl ied to 
the  soybeans .  The re fo re ,  the  area p l an t ed  wi th  corn  had four  t rea tment ,  
compar i sons :  a c o m p l e t e  fac tor ia l  o f  fe r t i l i ty  level (high or low) and ad jacen t  
wheel  t raff ic  (none  or on one side only) .  The  area p lan ted  wi th  soybeans  had 
on ly  t w o  t r e a t m e n t  compar i sons :  rows ad jacent  or n o t  ad jacent  to  t r a c to r  
wheel  t racks .  Detai ls  of  t raf f ic  pattern~ p lo t  loca t ions  and rep l ica t ions  are 
shown  in Fig. 1 for  the  co rn  area. The  l a y o u t  for  the  soybean  area was the 
same as t ha t  shown w i t h o u t  the  fer t i l izer  t r e a t m e n t s .  

Soil wa te r  p o t e n t i a l  was measu red  at  the  15- and 30-cm dep ths  at six sites 
in b o t h  the  co rn  and s oybean  areas at p lan t ing  t ime  with  a Soilmoisture,  
Mode l  2900  " Q u i c k  D r a w " p r o b e * .  Irr igage t ens iome te r s  were  installed a f te r  
p lan t ing  a t  these  six loca t ions  (see Fig. 1) in the corn  and s o y b e a n  areas,  to 
ind ica te  c o n t i n u o u s l y  the  soil w a t e r  p o t e n t i a l  at  the  30-cm dep th .  Represen-  

*Mention of a trade name or proprietary product does not constitute a guarantee or 
warranty of the product by the USDA and does not imply its approval to the exclusion 
of other products that may also be suitable, 
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Fig. 1. Field plot layout showing treatment detail in two replications. 

tative soil samples were collected from the 15-cm depth  (10 -- 20 cm) at 
planting time for soil water content  determination, and also after the wheel 
tracks had been retracked the fifth time. 

Soil strength or resistance was measured with a 30-degree cone penetro- 
meter  having a projected area of 323 mm 2 near each site where soil moisture 
was measured. Pene t rometer  measurements were made on 22 May (after 
complet ion of planting soybeans and a total  of five wheel passes). Six repli- 
cated measurements were made at the 0 -- 15- and 15 -- 30-cm depths of 
the corn and soybean areas within and outside of the compacted wheel 
track, at each of the six locations shown in Fig. 1. 

Dry bulk density was measured, in each of  three 15-cm increments to  45 
cm, in t ractor  wheel compacted and non-compacted areas near the site where 
soil moisture was measured. A sand-cone apparatus was used to measure the 
volume of  an excavated hole. These soil samples were also used for laborato- 
ry  determinat ions of  tex ture  and Atterberg limits as described by Lambe 
(1951). 

Corn was harvested for  yield determinations on 26 September.  Yields 
were corrected to 15.5% moisture content .  Soybeans were harvested in 
October  for yield determinations.  Only the eight odd numbered replicates 
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of the soybean treatments were harvested and these yields were corrected to 
13% moisture content. 

After the remaining crop was removed from both areas, the hydraulic con- 
ductivity of wheel-compacted and non-compacted areas was measured with 
the air-entry permeameter described by Bouwer (1966), and modified by 
Topp and Binns (1976). The intake values were extremely high and it was 
impossible to measure air entry values; therefore, the apparatus was used as 
a falling head permeameter to measure the intake rate at several soil depths. 
Measurements were made at 0 -- I0-, 30 -- 40-, 60 -- 70-, and 90 - 100-cm 
depths in the nontracked area and at 0 -- I0- and 30 -- 40-cm depths in the 
tracked area. For each depth, 3 -- 5 separate locations were tested and 4 -- 8 
runs were conducted at each location. 

RESULTS AND DISCUSSION 

Soil condition effects 

On the date of planting (21 April), the soil water potential and water 
content  measured in the corn plot at the 15-cm depth averaged -14 kPa and 
27.5%, respectively. The average soil water potential at the 30-cm depth was 
-1 kPa, and free water was detected at two of the six measurement locations. 

The average soil water potential and water content  measured on the day 
of planting (22 May) in the soybean plot for the 15 cm depth were -5.5 kPa 
and 29.4%, respectively. The average soil water potential at the 30 cm depth 
was -8.5 kPa. The average soil water content  in the upper soft profiles during 
both plantings was between the upper and lower plastic limits (Table I), 
i.e., the soil was in a plastic, easily deformable state. 

The soil penetration resistance values in Table II illustrate differences of 
compaction due to the tractor wheel traffic. The average soil water content  
at the 15-cm depth in the corn plot on 22 May was 26.5%. Statistically 
paired "t- test"  comparisons showed a significantly greater penetrometer 
resistance at the shallow depth in the tractor wheel track than in the adja- 

TABLE I 

Soil water content and soil water potential at 15-cm depth at planting time compared 
with soil water contents for Atterberg limits a of the test Kokomo silty clay loam 

Date Statistical Soil water Soil water content 
parameter potential (% (w/w)) 

(kPa) 15 em UPL LPL 

21 April 1980  Mean -14 27.5  30 .9  24.7 
(corn) Std.  error - 4 .8 2 .35 2 .58  1 .86 

22 May 1980  Mean - 5.5 29 .4  32 .8  24 .0  
( soybeans)  Std.  error - 3.7 2 .30  0 .54  1 .20 

a Atterberg l imits: upper plastic l imit ,  UPL; lower plastic l imit,  LPL. 



152 

TABLE II 

Plot summaries of maximum cone penetration resistance and bulk density measurements 
on Kokomo silty clay loam following five tractor wheel retrack passes (22 May). The 
average water content, % (w/w), at 15-cm depth at the time of sampling was 26.5% in the 
corn plot and 29.4% in the soybeans plot 

Depth Statistical Bulk density Resistance 
(cm) parameter (Mg m -3) (kPa) 

Track No track Track No track 

Corn 
0--15 Mean 1.52 a 1.29 1 390 a 800 

Std. error 0.06 0.10 270 180 

15--30 Mean 1.525 1.39 1 670 1 620 
Std. error 0 .05  0.09 210 240 

30--45 Mean 1.50 a 1.47 
Std. error 0 .07 0.05 

Soy beans 
0--15 Mean 1.50 a 1.22 690 730 

Std. error 0.06 0.13 150 140 

15--30 Mean 1.49 a 1.35 1 850 1 640 
Std. error 0.06 0.12 250 280 

30--45 Mean 1.48 1.51 
Std. error 0.12 0.06 

a Different from non-compacted at 1% level. 
b Different from non-compacted at 5% level. 

cent  non t r acked  soil. Water  c o n t e n t p r o b a b l y  had a greater  ef fec t  on the 
s t rength than  dens i ty  because the  m a x i m u m  pene t ra t ion  resistance in the  
15- to  30-cm dep th  on  the  corn  plot  did no t  significantly increase with 
c o m p a c t i o n  (Table II). 

Bulk densities (Table II) measured  with the sand cone apparatus  at the 
same locat ions  as the pene t ra t ion  measurements  also illustrate the effect  of  
t r ac to r  wheel compac t ion .  Soil bulk densi ty  was significantly greater  at the 
0 - -  15-cm and 15 - -  30-cm depths  below the t r ac to r  wheel t rack than at 
the same depths  in the non t r acked  areas. There  was no difference in bulk 
densi ty  at the 30 --  45-cm dep th  below the t racked  and non t r acked  sampling 
sites. Differences  in preplant  tillage and plant ing dates for the corn  and soy- 
bean plots  may  have af fec ted  the soil mois tu re  cond i t ions  and the resul tant  
c o m p a c t e d  densities for  the two plots.  There  were no significant bulk den- 
si ty differences be tween  cor responding  profi le depths  of  the n o n - c o m p a c t e d  
corn  and soybean  plots.  

Observat ions  o f  crop roo t ing  at the t ime of  bulk densi ty  measurements  
indicated no corn  roo t ing  activity in the 0 - -  15-cm layer  under  the wheel  
t rack (compac ted) .  However ,  corn  roo t ing  did ex tend  under  the wheel 
t rack at the interface of  the p low layer and the subsoil. I nco rpo ra t ed  crop 
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residues m a y  have resisted conso l ida t ion  associated with c o m p a c t i o n  and 
t he r e f o r e  main ta ined  soil aerat ion.  Soybeans  did n o t  exh ib i t  a similar root-  
ing behavior .  

Because o f  the  extens ive  soil shrinkage cracks, it was d i f f icul t  to  ob ta in  a 
hydraul ic  conduc t iv i ty  m e a s u r e m e n t  o f  the surface soil unti l  a f te r  appreci- 
able rain. Even  then ,  hydraul ic  conduc t iv i ty  fo r  u n t r ack ed  sites ranged f rom 
5.94 to  70.8 ~ m  s - I .  Hydrau l ic  conduc t iv i ty  o f  the surface soil c o m p a c t e d  
by  the  wheel  t rack  ranged f rom 1.53 to  6 0 . 0 / ~ m  s - ' .  The  average hydraul ic  
conduc t iv i ty  was 22.8 p m s - '  at the 30-cm dep th  of  wheel  t r acked  sites and 
28.6 p m  s- '  at n o n t r a c k e d  sites. A measured  rate of  33.6 ~m s- i at the  61- 
cm de p th  o f  a non- t r acked  site sharply con t ras ted  with the  measured  8.1 
~m s- ~ rate at the 91-cm soil depth .  However ,  this d i f fe rence  was a t t r i bu t ed  
to  the p r o n o u n c e d  absence  o f  e a r t h w o r m  channels  at the  lower  depth .  

Yield effects 

Soil water  po ten t i a l  at the  30-cm dep th ,  as m o n i t o r e d  with the Irrigage 
tens iometers ,  never  exceeded  -85 kPa during the  ent i re  crop growing season, 
t h e r e b y  indicat ing adequa te  soil mo i s tu re  fo r  the crops.  Crop yields (Table  
III) indicate tha t  if fer t i l i ty  and mois tu re  are n o t  limiting, yields are no t  
likely to  be depressed by  the  presence of  a c o m p a c t e d  wheel  t rack  along one  
side o f  the  row. However ,  significant yield d i f fe rences  were o b t a in ed  for  
the  corn  where  the  supp lementa l  fer t i l izer  was no t  applied. The  presence  o f  
a c o m p a c t e d  wheel  t rack alongside these  corn  rows resul ted in 11% lower  
yields than  f rom rows with no  t raff ic  alongside. This  would  a m o u n t  to  0.3 
Mg ha- 1 corn  yield r educ t ion  if four  ou t  of  every  six rows had wheel  t raff ic  
along one  side. With 8- and 12-row width  tillage, p lant ing and harvest ing 
mach ine ry ,  and a con t ro l l ed  traff ic pa t t e rn  the reduc t ion  would  be propor -  
t i ona te ly  less. 

TABLE III 

Corn and soybean yields from 76 cm spaced rows, with and without a compacted wheel 
track along one side of row, and for two fertility levels on the corn plot 

Crop Statistical Yield (Mg ha -1) 
Parameter 

Track No track 

Corn (adequate fertility) Mean 11.83 11.61 
Std. error 0.47 0.66 

Corn (low nitrogen) Mean 3.56 a 4.01 
Std. error 0.66 1.10 

Soybeans Mean 3.01 2.97 
Std. error 0.16 0.13 

a Different from no track at 5% level. 
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The  m o s t  i m p o r t a n t  aspec t  o f  the  resul ts  is t h a t  ne i the r  soybeans  n o r  well 
fer t i l ized co rn  su f fe red  yie ld  r educ t i ons  due to  five passes  of  the  t r a c to r  
wheels  a long one  side o f  the  c rop  row.  I n t e r - r o w  wheel  t raff ic  c o m p a c t e d  the  
soil s ignif icant ly  in the t op  30 cm o f  the soil prof i le ,  bu t  did no t  a p p e a r  to  
have  a f f ec t ed  the  hydrau l i c  c o n d u c t i v i t y  be low  the  p l o w e d  dep th .  I t  was 
obv ious  f r o m  m e a s u r e m e n t s  and  visual  obse rva t ions  t ha t  e a r t h w o r m  channels  
grea t ly  e n h a n c e d  m o v e m e n t  of  wa t e r  t h rough  the  soil. The  p resence  of  ear th-  
w o r m  act iv i ty  in this silty clay l oam wi th  bu lk  dens i ty  near  1.5 Mg m -3 in- 
d ica tes  the  p o t e n t i a l  f o r  ma in ta in ing  soil ae ra t ion  and dra inabi l i ty .  

This  s tudy  also suggests tha t  any  d e t r i m e n t a l  e f fec t s  o f  wheel  c o m p a c t i o n  
on y ie ld  m a y  be m i n i m i z e d  subs tan t ia l ly  if wheel  t raff ic  is conf ined  to  the 
c rop  in te r - row area and on one  side only.  I f  all f a rming  ope ra t ions  could  be 
c o n d u c t e d  w i t h o u t  d i s turb ing  the  c o m p a c t e d  soil pa ths ,  ene rgy  e x p e n d e d  to  
re-plow,  re-till  and r e - c o m p a c t  areas t raversed b y  the  wheels  could  r ep resen t  
s ignif icant  savings. 
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